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[Fraores und tadle reforred to herein am apperilec. 7

T investigition of the luminescence of photochamical colored momo- U1l

orystals T alkali-halids cuppounis, owing to the simplicity of their
atructao and the availebility of detuiled information on their optical
an® photoslectrioal characterigtics, i1s of great intersst mot only for the
Zplonation of the mechaniam of lurminsgoence, tut aleo for the wnder-
starding of photochemical processss in crystals.

Clear orystals of alkali-halile compounis, being naturally transparent
in the vigible and in the near ultrariolst parts of tho spectrum, have
very sharp and strong abgorption bands in the relatively deeper ultra-
violet part of the spectrum, the struoture of which was accurately
in the research of Hilsch amd Pohl /8 7. A

With the absorpiion of 1light ‘n the aves of the naturel absorption
bard end also under the influence of X-rays, color arises in alkali-
daitlle oryotals which ceussz the appeavance of selsotive abecrpticn Ia
the -conters. traviolot lumingscence iu found in theve

il

. Even the opiuion that the luminescenve of photochemical

unexplained
oolored alkali-halide cryetais hes dissociated F-centers does not have the

[rojer experimental verificatica.
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Comsoquently, it is stilt not nlear wiether the luminsacence of

. gllali-halide crystals 1s actually due to the creation of F-centere in

the Trocesees of Thotochemica® coloring, or whether iotochamisal colordng NI w

 only ocours simultansously with the exuitation of foreign atoms of

random admirture, which naturally eppeers to be the actual cause of the |
Juninescence of colored alkali-halidc crystals similexr to the activator
almixtares of oxdinary phosphorus.

Tho pronent work aims to explain thuc problem, which is vary
gmportant for the understarding of luminescence and photochemical effects S
11 colored orystals, by inwestigating the dependsnce of the ultraviolet ST
iwdnsacense of photochemical ectiveted monocrystals of allmli-halide RIS
coampound.s on the ccncentrations of F-centers in the crystal.

After stopping the ection »f condensed Al-ray or X-ray excitation
of photochemical colored alkall-helife cvyetals, four types of
4111mination ave formd: phospliorescence, illumination caused by visible
lignt vhich we chall call a flash, thermal luminescence, amd illumination
caused by plastic deformation--or triboluminescence. In this work
the depeniencs of luminescence on the concentration of F-centers for all
types of illumination mentiowsd above ie inveatigated .

The measurements vere mede by Eiropilos’ method with the afd of a

. highly sensitive photon ocaloulstor with u platimm-sensitized photocathode

on of K01 and RaCl carefully cleansed of admixture, vhich
ocom in fusion.

-Bamples 1cc in site, spectrally coloved by an wndisperesd light of the B
conoentratel Al epark, were taken from large momoorystale. To measure the - .
lmmm,mmmpmdatadiamewaoufnmfhe ;
caloulotor. In frem% of tho photocathods there was placed a diaphragm
with an oponing 0.4 cm in diameter to 1imit the light stream falling
on the caloulator. Since the light stresm of the orystal luninescence
was 1sotropio, then, by caloulating the distance from ths crystal to the
valoulator, vhioh was sufficiently grea: compared with the dimensions of
the orystal, we oan, from the mmber of registered indications of N
photoelectrona, determing the total mumber of light quanta radiated by the
crystal in all directions by using the formila . : A
N LERE Ne : @

? ; 5

where Tl; 15 the mumber of registered 5ndicetions of rhotoelectroms, R is ' e
the distance of the orystal from the aloulator, 8 1o area of the aperture
mtlzouw(wtnmontbsur!rmofthephmathdew is tho
elsoton emission from the platimm riotocathode in the speo region

of the luminescence of KaCl axd K51, and N is the tota) mumder of light
quanta radisted by the crystal.

The concontrotion of F-centers 15 detormined by the formiln as
pregented by Mollwo and Rosa [2 7: '

We =131 %107 bosse R H= AR H @

Here no 1s the refrsction index of the colored oryetal in the maximm
ebgorption srea in the visidle part «f thé spectrum, ! is the coefficient .
¢ shoorption iu the maxtmm F-abecrition band, oexproused by the inverse
& the centimeters, H fc tbe half-width of this band in slectren-volts,

o

and A 1s a oongmt with the fo.lovirgnumerical valtes for ¥aCl and KC1:
A= 1.0k x 109(cn2.07)"L ed A » 1.2 x lolé(mQ-ev)'g. - -

The msasuremsnt of the abcorption coeffioient, k.- end the half-width
of the sbporption banmd, E, s compnted with the eld of a double mono-
chromator with glass optics anmdl an antimony-cenium protcelement. The
aomwting davice haa a light scurce of low intensity. It mesasures the
abeorption coefficlent of weekly colcred srystula and does not bring

-2 -

-

Release 2011/06/29 : CIA-RDP80-00809A000600200344-9



forth uny noticesble deaorovation. The schematic layont of the ingtrments.. .
1 shown in Figure 1. : :

The _Flagh

Thyough the estion of the visidle light in the absorptiom area of tho
F-bend, the colored crystal of an alimli-helids oompourd may be dscolorized.,
Moroover, the orystal rediates in tho ultraviolet region. The exthor fivet
measred spsotzvms of phosphovescence and the flashes vhich were obtained
from colored NaCl oxrystals / 3 7 with the afd of a quertz monochromator.

It appeared that the spectrur of the flash ond the phoephoreseent parts,
Aovoll of the Lrmer intemsity of ihe WaCl orystals in the gpestrel sensitivity
area of the photon caloulator with the senaitized platimm photocatholde
{fvom 2,000 to 3,200 &), comsisted of ome band with tho maximm )\ near
233 Ae. (Only in deformed acmples and in certain saples of montorystals
of lleC. i thers still fourfl onn band with the maximm ) near 200mu,
ehdoh was fourd by the euthor in 1936 /3 7 and ascribed to the tranafer of
slsotyons with F-levols on the jo-calied U-lovel. The latter, 6s wan
stiown. later, ohows the, pregence of odmixtures of forelign atons.) Subséquent
and moTo expot mepmurerants with the aid of & doubls-dispersion quarte
mmwmmmwumhdmmummnw
2404 (5.1 oV) erd 1ts half-ridth 15 equel to .47 ev. ,

The 1ight speotrum of EC.. orystals in the rsnge 2.000-3,200 4
nJ.oog%mistaot one baud wit: the maximm A neaxr 27Cn.k amd a half-vilth
& 0.h6 oV. ) e

m&umm{h%‘mpammmuﬁm the ol
all of o quartz monoohromator (nd pho oalovlator on X-reyed crystale of . i i
Rall. They also ectablishod tiat the spectre of phosphoreccence and flaghes - . .
ormmm;muﬂnwaminofmwwmmmx :
near 2W8Mun.5eV). The Aifrexence of 8mu in the maximm from our
woasuremsnts is pot fmportant when the experimental diffionltiss of

eppesT to be, at tie relatively wide spectral hanis of :-l?

meacuring such vesk 1ight owrents, as the illwmmination of alkali-paide
1s conpliered. Similar remlts were cbtaised by Kudryavtaev /3 7. o Ul

In this vork, the investigation of 3amples of orystals of NaCl end
FOL 4leo browght eimilar opcotrvms of flashes asl phusHOTENcsNOs with
the merimm)of the band meur 2%0 M i (NeOL) end 270 mat (EC1).

The meaguremsnt of tie dopendence of total luminesoence on the s
oconoentrntion of F-centers vas' oarried out by the method mentioned above.
Tt wap srtablished tba.t.th;mw quante mwiiated by the orystal
unler the aotion of the visible 1ight until cozplete docolorisation wos
proportional to the coacentration of F-centers in the orystal (Figure 2).

Uit} the change of* iho absorption coefficlent ¥ from 10 m -1 to
1% x 30~ meel, vh:l?é:onam to changes of the concentration from. .
5 x 104 to0 0.7 x 1010 of P-conters in loc (EC1), this dopsmdence cen bo =
expxepoed by the formula : e o =

Nev Ny -rARH @

where Y {2 *he cos?ficient of {llumination, determined from the curves in
Flgure 2. Tt 1s equal to 1.h4 x 1072 for FeCl. Tt follows from this that
out of 100 de agtiona of visidle light of F-centers, on the averege,
1-1 P retitera, disacciate with tae raifaticn of 1light guenta in the .
al 1lst ray.
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Phosphioresconce

Aftar stopping the exvitation ection of the conlonsed Al-gparic, the
orystal phosphoresces under the ultraviclet ray. Tho deperdence of the
nwriber of light quanta refiated by tho phosphoresscsnt crystal cen bde
exproosed by formula (3), but with other mumertcel valnes of the
1llumination cosffioipmt > , which for phosphorescence is 1.0k x 10-3
for K1 and 6.2 x 10-% for Rall, j.e., 14-15 timog leos than For the

flagh.

Unlike the cage of ilash illumination the cryostal, after the
phonphorescence has preciically feded, is rot oompletely decolored, amd
momentary 1llumination '3 visibls light brings repsated phosphovescence.
This process of momenta'y 1llumination by the action of vigible light
can be repscted mony tizes until the complete decoloration of the
crystal, but the integal light mm doos not oxceed, vith a given
soncentretion of F-censers, the meber of quanta rediated by the orystal

of tho crystal.
Thermoluminesoence

The hoeting o @ colored crystal to 150-2000C brings about, complote
decolorction vhiol accompaniss thermoluminescence under witraviolet mays,
with & opootrel hind similar to phosphorescence and flach /5 /. The
depentence of thwe otal light on the concentration of ¥F-centsrs in the
crystal is also no. detswyningble in this gtudy, dbut the cosfficient of
11umiretion unde: thormoluminescence, characterdized by the Jrobability
of the dissocistion of P-oenters with radiotion 18 elmoet twice the - it "
coefficient of (1l afiion of the flash, vhich nov becemes 2.13 x 10-2' L
for Bell and /.65 x 107 for KU1, ‘ e

Under the influsnce of plastic deformation, photochemical eclored
alknli-halsle orystals alao luninesce undex ultraviolet reys, with a'-
vl oimilar to the thermoluminesoence bamd. The energy
radioted by the cryatal unler the influence of plastic defermstion :
depenic an the concentraticn ¢f F-centers as well as he strein mwier
vialoh tie oryotal 1s placed. : : h

Fom the tarvos of Figure 3, St in obvious that for a given concen~
tratimivhich 1iffers for varfous amounts of strain, a recion ocowrs in
vhich the tolal light i independent of the sbeorption coefficlents.’ 'The -
greatur the stiain the higher the comcentration at whick this region
ocours, end only et strains which bring about the full decoloration of the
oxystal will the light oun radiated by the crystal be proportional to the
conventration > the F-centers. The average valuo of the coefficient of
1llwaination ‘n plastic deforaation 18 ¥ = 1.41 x 109 {Toble 1).

If the concentration of F-centers unil ihe snergy of detcrmation of '

waN- A W=ﬁq'p*’-\/; o w®

the not!votion enorgy that 4s necessary for the dlssociction of the F-cantere
can be camputsd. In formule.(h), ¥ 15 the emergy of deformation, C 1s.
elanticily of coeffiient of the cryatal, P is the Cecoloratiom strein, Jp

1g the mmber of F-centors,V is the size of the cr;sta.}é e A W 1o the

activ.iion energy vhich by our masuremsnte 1s 4 z 10713 exgs (Table 1),

)
- -

g .

Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-OO@9A00600200344-9



Sanitized Copy Approved for Release 2011/06/29 : CIA-RDP80-00809A000600200344-9 &

insteod of the emaller value of 1.83 x 16™2% ergs. Obviously tue dtfference ,
48 oxplained in that in Fedemev's work ths F-centers vere not measured L. . i e
woro ostimated ‘arbitrarily by the intansity of the color, k T R R

The Meochaniegm of Illumination

- In the earlier suggested quantum-mechanic models /77 7 for the expla-
nation of the coloration paccecses and the inhevent photoaffect in coloved
alimli-halils oryetals, certain very importent psculicrities vhich axe found
in the proper shsorvtion bamls of pure alkali-halide crystals were not .
stulled. The latter, as ie dmown, does not have a charp border In the long-
wave portion but, falling elovly, stretohes out far tnto the long-wave .
pert of the gpeotyvm. HEilsch and Pohl /8 7, for exerpls, succesdsd in
trecing the effect of the drop in the long-wave curve of naturel abeorption @t
on the esnter of coloration down to the vieible part of the syeotwum. Lo

In photochemical coloration of nlkeli-halide orystals, a light in the
rogicn of the drop in the long wave of the natwral absorption is usually
. In the coloxetion of a crystal of XKBr, the maximm abgorption of
h 1168 rsax 1875 4, Smekule used a monochromestic light 4n a long-wave
(203 and 199 mu). Tt was sbown that this appears to be an exrengs -
necspeary to satisfy the coloration. Accoriing to his data on
soncentration of F-osntars at satwretion, it 1s gmaller the closer the
exsivation vave length geta to the maximm nataral absorytion hard.

Investigations along the mechanfonl, thermal, optical and elecirioal
effects in the absorption of alkeli-haifde crystels show that the long-
wave glope of naturel abscxption is dopendent on the crystal struoture
defocto and would be ebsent in a crystal of ideal struvoture. As for ths
influenco of the dislosation of the orystal structure on the long-wave
} 8lope, 1t 1s obviously indicated ths’ the intonsive formation of F-centers
AR o . Qoes not decrease the absoxption coefficlent in the long-wave slope of '
B R the absorption ourve, which is mode sven more olear, ard that s abdeorption
' ‘ A ocsffiodent 1n this part of the owve increases [ 10 7. :

4

i

In the diagrem of the energy levels (Figure 4), the absorption in tae
leng-vowm: elope {n the curve of natural absorption corresponds to the .
ayeten of local levels, L, distributed olose to the nppsr odgs of the

ong fille. with the emxgy levels, A.

. Theise local levels in unoclored mrystals ars normally £illed with
electicns. The absorption of light in tho maximm or Jong-wave slope of ‘
the cwrve of tho naturel abaorption (passuges a snd b in Figure 4) is due to
of an sleotron in the conduetivity rons, B, end with tle
a pegitive hole 4n zoms A, or ou the L-lovel. IFf tho hole io
formed in the abacrption in zome A, them it £111s with electivns from
e local l~lovel omid 1 thus localized jJust as in the cape of the absorptivn
in long-wvave alope ons of the local L-lavels.

et )

o
elgatrong, falling into the comluctivity zonms, retwrm to
the originnl state amd yecombine with the positive holes. They are finally:
localizod on the looal P-)evels vhich are found belsw the comductivity zone
at £.63 oV in HaCl and 2.19 oV in KU1, depealing on tie so-ce’lel F-centers.
Thuo the localization of the electron and the hole occurs in diffexremt
Places of the orystal, and this explains the foxmation of stable eoloring.
1

Stody of local l-levels in ebporption amdl ooloration IMrovssses Wwad
o R oonaidereld in earlisr disgrams for the levels of anlkalt-halide
o orystals /77 7, and because of this, the formation of stable coloring
. . : along those 6 hed not deen thoupht of.

|

g

TN _
e
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Tn regexd to the natwre of F-centors two hypotheses exist. Accoxding g
“to Swonkel's /117, Pobl's [ 17, and Eippel's [ 10 7 modole, F-oOnbexs i ini i it
7% Yopreocn as fons of 1 metal which are caucht by electyons
and mede Into quasi-poutral atome of alkell meial.

Accoriing to Mott's fI3] and deBur's hypotheses, F-centers are
repescntel. es electrons, localized in pleces vhere therw ~re no megative
balide doms. Such F.canters will be callsd nonatomic F-ceutors to
distinguich them frem the atamic.

Tho locelired state of the olectron, also ldentified with F-centers
%], can, acooniing to Landen [I5], oocur as & result of the dsformaticn
1t about by the photuslectrons themselvos even though there is no
strustaral dsfect in the srystel.

A1l indiceted procerses of the slctron capture cppear possible. But
the prubability of their realirstion and also the stability of the created
Yooentors will obvicusly vary with various methols of the electron capture.
Tho lsast stable, probably, will be the F-centors apparing as eloctrons
vhich are localized in placse where thore are mo negative hoiide ifons. In
the gresence of ponitive holes in zone A, these slecTroms will doscerd,
rwoorbining with t2e holes and emitting light quanta (5.1% eV for Fall aml
4,57 eV for X01).

g, phosrhoresconse of colored alkali-helide nrystals (pacsage 4 on
Pigure L) 1s d.penient on the reccmbinstion of +ho electrons, fourd in
| places where tieYe are no negetive hallde ious, with rositive holes in
zono A. The latter arise due to ihe thermal chenge of the elsctron fxom
the basic zce to the vacant placos of the levels (passage ¢ 1n Figure ).
The poobabi ity of £illing the local I~level with electrons from the basic

band shouV. increase exponsntially with the temperaturs

Kok, 2= wie T =)

wbmws.afbdiffmoftbmrgybemmmerodgeofzomA
sl b docal IL-level. :
fince the timp of interruption of the positive hoie in zome A 18 very
short in ooxparison with contimuwsus interruption of tho hole on the local
CLE L—W.l,thmthoexﬁntofnhoapboramvﬂlhoaeummb:the
. ) wh:ityetththmlohmottheclaomm:omAwmlocal )
' S L-divel. If the latter 1g found at a similar diatance from zome A, then
at ongtent tepsrature we have

,7 SR  dn/dt s —rn e

“bere 2 1s the mmber of positive holes on the local I-lovsl. Integrating
equation (6) and meking r)ar 8tl=0ve gst

b nen,e=-CT T
" and the Intenwity of the {lluminatiem : :

I=k :‘:frf ~for el (8

vhioh corrospends to that obtainsd ecrlier by the authrr axd other inves-

(4,

Svew

SINE ) v o s i
- o . _ -
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tigatore /B, 16] by experimental dats, according to vhich the attenuation
of thw uliraviclet phosphoxwscence ¢ photcohemical - co lored orystals of
a0l end KC1 appoars according to sxpomential lews.

Tho activating actione «f vigible light colmcide with the trensposition
of elsctrong through & condustivity zone from one F-lsevel with littls
wobability of recombination (atomic F-conters) to other Frlswels with a
§rea’er yrobubility of reccmbination (nomatemic P-centera). With an
uminterrupted action of vissbls 1ight (flach) the electrons in the non-
atoic F-centers are constently lost and replenished, depsniing on the
1luxinetion of the orygtal, the crystal is decolored faster, amd the
groater the intansity of the flash the groater the intengity of the phospho -
rescenoe. Howver, the speustrume of the flash emd phosphrescsnoe are
similar since the changss of the electrons are accomplished within ons and-
the zzm0 Jevel. This comsiusion is found to be in corglote accomd with
oXperinental dota.

fince the light swm, 1aliated by the crystal at simuitaneons phospho-

Trencence, 1z noticesbly wxller than the total number of light guanta
reflisted by the crystal undor the influsmse of visiblo light €o complats
decoloration, then it follcws thet the number of nomatomic P-senters is
parbedly emaller than the atomic F-centars, 1.6., the probsbility of the

- Pormation o nonatomic P-sentors is noticeably less than the Probabliity
of the foomation of atomic F-centers. If wp consifer that every eleotron
woldusing noratowic F-centera changes into the criginal stats with the
reliation of light quanta, then, fram the valuee of the {1lumination co- . .
officlents , 1t follows that the nonatonic centere malks up ondy 0.17% for ..
BN aad 0.67F for BaCl of the mmber of F-centers of all types. This . . ' "0
reloticnship remaing constant and Gc3s not depend on the consentration of i -
the other P-cantern. . 8

The very mmall relative ooncemtratior of the nonatomic F-centers is
explained by the umgl) concantration space in which helifle fons are AT el
- absent in ooryaripom vwith the concentretions of lons of the alkall metal . &
to whioh the electroms can ocmbine to form ttomic Y-centers. .

In thexmoluminescence, the replenishing of nonatomic F-centers ocom's
. as & conoequence of diffusion, at walck the »'ectruns foxming the atomic
¥-conters akip from one group o icz.a of alialine metal to others; forming
an affeotive movewwnt of P-oenters. A similer povemsnt of P-osnters is )
acoarplishod faster through a conluctivity sony Quo to the turneling effect
without the treasfer of elsctrons. Thias exilaing vhy the illumtnation
coefficient of thermoluminescencs is greate: than the 1)lumination
coufficiant of the flash, or in the latter cass why a significant part of
the olectrons, spattering the light in zono B, goes to rone A without any
Tagistored reffstion. (I the ohanges ave scoompenied by rediatton, then,
as can bo amnﬁwmunuworm levels (Figure &), 1t shonld
1ie below 2,000 A, 1.e., boyond ths limits of trensparency of the quarty
tube of the pheton cslomlator. ) ;

The mochanien of luninescenoe under ti. influenco of plastic deformation
is obvicnsly stmflar to the mechanims of <hormoluminescence witk the

) *le mgt notice that, fruc the sxemined quantum-mochanie wmodel, the
allitive colored alkali-tmlide orystal in whith F-centers are formed by
oloctrons introduoest incto the crysta) extermally should not luminecoe,

) ‘ - - ' | ey
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wiich agreo with the findings of D*yachonko » In ruch crystals the .
\b];ox.] 1:;‘1970)% ani 12‘%:;:0:? t::th elvctrons, éiigonly after Mm * activation
S or by avea of tural absorption band o
Iunivencsnne be fomd. : e ¢ on o
Tino, our £indings In this work, on the depenience of the luminegcence
of phatochesical colored alkali-halife qystels on the concentration of
F-conters.ocd o the assosiation with earlier dsta of the 1ight spectaum,
&l on the soetial disgosiation of etimilated eoticn of vigible ligat,
fully verify that ultraviolet luminoscence of coloved alkali~halide -
oryatels and the formation of F-centers is &wpenfent not on the rmdom
scomrrance of foredgn atoms, but on the charactaristios of a olsar orywtal,
ariaing in the process of thermsl ard optical disasciation of F-centers.
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